INTRODUCTION
Horses are polymorphic in the pattern and timing of locomotion. At intermediate speeds, the horse can perform a range of diagonal and lateral 2-beat or 4-beat footfall patterns (Harris, 1993) . A horse with the ability to perform any of the 4-beat gaits without a moment of suspension is commonly called a "gaited" horse. The horse is a unique model for the study of gait development, as no other mammalian species is known to discretely segregate for congenital differences in stride cadence and footfall pattern. Laboratory-induced models of variation in gait exist in mice and cats via transverse sectioning of the spinal cord (Grillner and Zangger, 1979) and induced mutations or knockouts in mice (Coonan et al., 2001; Kullander et al., 2001; Hinckley et al., 2005; Wilson et al., 2005; Crone et al., 2008) . These laboratory models enabled discovery of localized neural networks known as central pattern generators (CPG; Kuo, 2002) . When locomotion is initiated, activity in the CPG is turned on and maintained by inputs from descending locomotor commands originating from neurons in the brainstem and midbrain (Kiehn, 2006) . Naturally occurring models of lateral gait, such as horses, provide a novel resource for study of CPG structure and function. ABSTRACT: Following domestication, man selected the horse primarily for the purpose of transportation rather than consumption; this selective strategy created divergent traits for locomotion. At intermediate speeds, beyond the flat walk, the horse can perform a range of diagonal and lateral 2-beat or 4-beat gait patterns. The Tennessee Walking Horse (TWH) is the only U.S. breed able to perform an even-timed 4-beat gait (the "running-walk") at intermediate speeds; however, within the breed, there is remaining variation in gait type. To investigate the contribution of genetics to this unique trait, blood or hair samples for DNA and gait information were collected from 129 TWH and genotyping was performed at approximately 60,000 loci using the Illumina Equine SNP70 beadchip at GeneSeek Inc. (Lincoln, NE). Case-control association tests identified suggestive regions for gait type on equine chromosome (ECA) 19 (P-value of 1.50 × 10 -5 after 1 million permutations; PLINK version 1.07). Haplotype analysis identified 2 significant haplotypes on ECA19 and ECA11 (P-values of 3.7 × 10 -5 and 3.92 × 10 -5 , respectively). Genes within these suggestive regions play roles in developmental processes and biological regulation, indicating there may be variant differences in the neurobiology and regulation of horses with a polymorphic gait.
Loci impacting polymorphic gait in the Tennessee
The Tennessee Walking Horse (TWH) is a U.S. breed renowned for their ability to perform an eventimed 4-beat gait (the "running-walk") at intermediate speeds. The TWH is nearly fixed for the DMRT3 mutation (Promerová et al., 2014) . However, TWH are capable of performing the whole range of intermediate gaits from 2-beat lateral to 4-beat to 2-beat diagonal (Tennessee Walking Horse Breeders' and Exhibitors' Association, 2011). At liberty, these horses show an innate preference for either trot, pace, or running walk from birth (Fig. 1) . The objective of this study is to identify candidate loci and SNPs unique to gait type variation within the TWH breed through a genome-wide association study (GWAS).
MATERIALS AND METHODS
All animal procedures were approved by the Cornell University Institutional Animal Care and Use Committee (protocol 2008-0121).
Animals and Phenotypes
We collected 139 TWH samples from 55 private farms and public horse shows across the United States during a period from 2010 to 2015 for use in this study. The group consisted of 82 mares and 57 geldings and stallions ranging from 1 to 34 yr in age at time of collection. We video recorded all horses either under saddle, at liberty in a round pen, or in hand at the walk and at all intermediate gaits using a Canon FS30 camcorder (Canon Inc., Tokyo, Japan). The camcorder was set up so that it was perpendicular to the horse's plane of travel, approximately at the horse's wither height, and far enough away that the horse fit within the camera's view finder. We recorded each horse for at least 10 s at the walk and all intermediate gaits. We also collected level of training under saddle, horse discipline (breeding, trail, and show), type of shoes (barefoot, aluminum, steel, and pad), and pedigree information.
A single experienced observer classified horses as either lateral only or multigaited (able to perform both lateral and diagonal gaits, including the trot) after review of video recordings in slow motion. The individual classified horses as lateral-only gaited if the lateral pair of legs traveled together in a 4-beat pattern (with the hind hoof landing before the front hoof). If the footfall landing followed a 2-beat or 4-beat diagonal pattern and the lateral gait pattern previously described was also observed, the individual classified the horse as multigaited. Horses were also classified as multigaited if the owner reported viewing the horse trotting at liberty but not in the video analysis (n = 9). Eighty-two horses were classified as lateral only and 57 as multigaited in a case-control GWAS design.
Pedigree information, as contained in the registry or reported by the owner, was recorded for 137 horses; the remaining 2 horses were registered, but the registration papers including the pedigree had been lost. Horses were selected so that no horse was a firstgeneration relative to any other within a given phenotypic category to reduce population stratification. Half-siblings (n = 17 pairs) or parent-offspring pairs (n = 8 pairs) were only used if 1 member of each pair had been classified as lateral-only gaited and the other as multigaited to balance any stratification across the 2 gait phenotypes. Pedigraph version 2.4 (Garbe and Da, 2008 ) and the 5-generation pedigrees were used to evaluate the inbreeding within the 137 horses. In the 2 cases where pedigree information was not available, we calculated genome-sharing (  pi ) values and inbreeding (F) for the autosomes across all 139 individuals in PLINK (Purcell et al., 2007) after pruning for minor allele frequency (MAF) of 0.05 and genotyping rate of 0.05.
Deoxyribonucleic Acid Extraction, Genotyping, and Quality Control
We isolated genomic DNA from blood samples using the Gentra Puregene Blood Kit, following the manufacturer's protocol for whole blood (Qiagen Inc., Valencia, CA). We performed extraction of DNA from hair using the Gentra Puregene DNA Isolation Kit, following the manufacturer's protocol with modifications to optimize for hair root bulbs (Qiagen Inc.; Cook et al., 2010) .
We genotyped 139 TWH with complete gait phenotypes at 65,157 loci using the Equine SNP70K beadchip (Illumina Inc., San Diego, CA) at GeneSeek Inc. (Lincoln, NE) and added 2 additional SNP individually genotyped as described below. Genome-wide identityby-descent estimates were calculated using an identityby-state similarity matrix to evaluate population structure after filtering for MAF and genotyping rate as described above in PLINK (Purcell et al., 2007) . Twelve pairs (but only 22 individuals) had identity-by-state similarities greater than 0.80; only 1 pair was greater than 0.90 and the remaining 10 pairs were less than 0.85. We removed 5 individuals from these pairs: 1 individual per pair if the pair was of the same gait type or if an individual appeared in 2 or more pairwise comparisons. Single nucleotide polymorphisms with less than 90% genotyping rate (n = 10,035) and with a MAF < 0.05 (n = 15,417) were excluded. Five individuals were excluded for a genotyping rate < 86%. The final data set consisted of 129 individuals (52 cases and 77 controls) genotyped at 42,226 markers with a mean call rate of 96.56%. We used a Bonferroni significance cutoff of 1.32 × 10 -6 , conservatively estimating 37,770 independent comparisons following removal of 4,456 markers that are in complete linkage disequilibrium (LD; with an r 2 > 0.99) from our 42,226 total markers in the study.
Genomewide LD was estimated using the r 2 statistic in PLINK (Purcell et al., 2007) under the following filters: MAF < 0.05 and deviation from HardyWeinberg equilibrium P < 0.0001. Ten individuals previously genotyped on the Equine SNP50 beadchip (Illumina Inc., San Diego, CA) were chosen from the Arabian, Egyptian Arabian, Thoroughbred, and Saddlebred breeds and compared with 10 unrelated TWH randomly selected from this study to analyze population structure. Values were binned in groups of 5,000 consecutive markers, and average r 2 and inter-SNP distance were graphed using Excel 2007 (Microsoft Corp., New York, NY).
DMRT3 Amplification and Genotyping
A recent publication describes a mutation in the DMRT3 gene, which is suggested to control for the ability for a horse to perform lateral patterned gaits (Andersson et al., 2012) . We examined the effect of this mutation in our study population, following a previously published protocol developed in our lab (Patterson et al., 2015) .
Statistical Analysis
PLINK version 1.07 (Purcell et al., 2007) and SVS software from Golden Helix, Inc. (http://goldenhelix. com; accessed December 5, 2014) were both used to test the resulting 42,226 genotypes in 129 individuals for significant association with gait type. We applied case-control allelic association and basic adaptive permutation (-perm in PLINK) to the data set, with lateral-only individuals run as controls and multigaited as cases due to the higher prevalence of lateral-only horses in our sampling population. Multidimensional scaling was performed using PLINK version 1.07 on all SNP that passed quality control filters using the "-mds-plot 4" option. To assess association to haplotypes, candidate regions of 2 Mb centered on the most significant SNP from equine chromosome (ECA) 11, ECA12, ECA19, and ECA25 were selected and filtered to include only markers with a 99% genotyping rate and MAF > 0.01. We tested for a haplotype association to gait type by a logistic model, permutation, and χ 2 test using sliding windows of between 2 and 20 SNP in PLINK. The LD structure between markers was examined using Haploview version 4.2 (Barrett et al., 2005) . Epistasis between candidate loci and all other SNP were tested in PLINK (-epistasis). A Student's t test was applied to compare age differences between cases and controls. Results were visualized using the JMP Pro version 11 software package (SAS Inst. Inc., Cary, NC).
RESULTS

Genome-wide Association Study Identifies a Suggestive Candidate Locus for Gait Type in the Tennessee Walking Horse
Genotypes generated for 129 horses on the Equine SNP70K beadchip enabled a GWAS to identify loci con-tributing to gait type variation within TWH. Allelic association identified several candidate markers on ECA19, ECA12, ECA25, ECA11, and ECA8 with raw P-values ranging from 1.71 × 10 -5 to 1.46 × 10 -4 (Table 1) ; however, none surpassed a Bonferroni correction for multiple testing. Application of a permutation test supported the top candidate region from the allelic association on ECA19 (Fig. 2a) with a P-value of 1.50 × 10 -5 (Table 1) .
The 2 top candidate markers on ECA19 are in complete LD and span just 51 bp within an approximately 2-kb intron of FBX040 ( Fig. 2e and 2f) . Additional significant markers on ECA19 are approximately 26 Mb downstream from this region, spanning 23 kb in a 967-kb region that did not contain any annotated genes. The associated marker on ECA12 falls within a 220-kb region lacking any annotated features. The marker on ECA25 falls within a 207-kb region also without known features. The marker on ECA11 falls within a 315-bp intron of GGT6 (Fig. 2b and 2c ). There was no evidence for epistatic interaction between the top allelic association markers from ECA19, ECA25, ECA11, and ECA12.
Haplotype analysis revealed associations of gait type with a 3-SNP block spanning ECA19, 37, 674, 757 to 37, 719, 196 (alleles TAG; , Bonferroni cutoff of 6.25 × 10 -4 ), and a 7-SNP block spanning ECA11, 47,893,127 to 48,015,457 (allele GCGAGGA; P = 3.92 × 10 -5 , Bonferroni cutoff of 5.95 × 10 -4 ). The ECA19 SNP block genomic region includes the FBXO40, ARGFX, and POLQ genes ( Fig.  2f and 2g) . The ECA11 SNP block genomic region includes the SPNS3, SPNS2, MYBBP1A, GGT6, and SMTNL2 genes ( Fig. 2c and 2d) .
All horses in this study were genotyped for the DMRT3 mutation (Andersson et al., 2012) . One hundred thirty-eight horses had the AA genotype and 1 horse had the CA genotype (frequency of A = 0.9964), indicating that DMRT3 is not a predictor for gait type within TWH (P = 0.2227). Age was not different between lateral-only and multigaited horses (P = 0.13).
The TWH is recognized as a breed with moderate to high levels of inbreeding due to common line-breeding practices early in breed development (Fletcher, 1946) , which can also be observed in the 5-generation pedigree of horses used in this study (Supplemental Fig. S1a ; see the online version of the article at http://journalofanimalscience.org). The available genomewide genotypes and pedigrees allowed us to further examine what, if any, substructure within the breed may be influencing gait type preference within individuals, as observed in the Icelandic horse (Albertsdóttir et al., 2008) . Genomic inflation was limited to a factor of 1, indicating adequate control of population stratification. Further examination of the multidimensional scaling (MDS) analysis did not identify significant population stratification due to gait type in the TWH (Supplemental Fig. S1c and S1d; see the online version of the article at http://journalofanimalscience.org). Two subpopulations are detectable in the comparison of dimensions 1 and 3, but these are not correlated with gait type (Fig. 3a) . The identified subpopulations are likely due to popular sire effects as observed in the pedigree tree (Supplemental Fig. S1b ; see the online version of the article at http:// journalofanimalscience.org) and could explain the slight skew observed in the quantile-quantile plot (Supplemental Fig. S2 ; see the online version of the article at http://journalofanimalscience.org). Pedigreeinferred inbreeding coefficients were moderate in both lateral-only and multigaited horses, 7.9 (range 0.32 to Ten unrelated individuals from this study as well as an additional 10 unrelated individuals from the Egyptian Arabian, Thoroughbred, Arabian (non-Egyptian), and American Saddlebred breeds were used to calculate average genomewide LD (Fig. 3b) . Linkage disequilibrium in the TWH is shorter than that of the Egyptian Arabian and Thoroughbred but is most similar to the Arabian (non-Egyptian) and the American Saddlebred.
DISCUSSION
We identified several genomic regions that are suggestively associated with gait type in the TWH and warrant further investigation in larger populations. Additional research in a larger sample size, using a denser SNP array and using a more quantitative means of measuring the phenotype, would improve the power of association and likely confirm our identified regions.
The intermediate gaits of the TWH are a continuous spectrum that blend together and fluctuate based on speed and terrain as well as the influence and skill level of the rider. In our study, we attempted to phenotype based on owner-reported performance or a short video observation of the horse moving in the intermediate gaits and then grouped horses based on presence/ absence of diagonal pair footfall landings. All horses within the TWH study were able to use lateral pair footfall landings, indicating that alleles conferring a lingering ability to use a diagonal footfall pattern are at a low frequency in this breed. Nine of the horses categorized by owner observations may have been misclassified as able to trot due to the inexperience of some owners; we sampled horses from a broad range of owner experience level.
Variation in horse age (1 to 34 yr) and, therefore, training and experience level also introduces error in our phenotyping scheme. Older horses are more likely to have more training and are often better conditioned to perform one end of the gait spectrum. Horses trained to stay in one gait type over another are likely to have adapted muscle conformations and muscle memory for that specific gait, because skeletal muscle properties are dynamic and reflect the history of use (Snow and Valberg, 1994; Rivero, 2007; Riley and Van Dyke, 2012) and differences in muscle conformation and mass can influence how the horses perform their gaits (Ziegler, 2005) . Horses with extensive training are typically used for showing, which, in turn, means they are also more likely to wear associated equipment, such as heavier shoes, to enhance the lateral end of the gait spectrum and discourage the use of the trot by increasing the swing phase of the limb (Clayton, 2004) . Shoeing with weights and wedges (as observed in light shod, plantation, and performance show horses) also influences tendon tension by reducing the tension, prolonging break-over of the stride, and changing the interaction between tendons and muscles (Riemersma et al., 1996; Biewener, 1998; Clayton, 2004; Lawson et al., 2007) , thereby changing the mechanics of the gait. Older horses with longer training histories could have greater muscle mass and, therefore, be more conditioned to perform one gait type over another. However, it is important to note that age did not significantly differ between the 2 gait types in our study (Supplemental Fig. S3 ; see the online version of the article at http://journalofanimalscience.org). Improving phenotype ascertainment could overcome difficulties encountered in this study. The use of accelerometers has proven useful in gait analysis (Witte et al., 2004; Pfau et al., 2005 Pfau et al., , 2006 Robilliard et al., 2007) and in distinguishing lateral from diagonal 4-beat gaits (Östlund, 2011) . The accelerometers can be used to determine stride kinematics, speed, and, potentially, head motion (head motion is associated with the running walk and fox trot). Equipment consistently measuring the speed of the gait would allow for a more uniform comparison between horses moving at the same speed. In addition, the maximum speed before a horse breaks gait into the canter and kinematics of the canter could be measured and tested for association to the DMRT3 mutation.
Due to the continuous nature of the various types of intermediate gaits, interaction of multiple genes as well as multiple alleles that are pleiotropic are likely genetic mechanisms for this trait. For this reason, we applied several different analysis methods to our data set. First, we applied an allelic association to check if there was perhaps a single gene with a major effect on the phenotype. When the analysis failed to identify any markers surpassing a Bonferroni correction, we next applied a basic adaptive permutation test. One marker surpassed our significance threshold of 1 million permutations, but the P-values were similar to the allelic association. Genomic inflation and MDS analysis did not detect any population substructure between cases and controls, yet any undetected confounding population structure that may still exist in the data set is not preserved following the shuffling of phenotypes across genotypes during permutation (Che et al., 2014) . To increase our statistical power, we next applied haplotype analysis to the regions surpassing 30,000 permutations. Two regions from the permutation were confirmed by this method. Several of the genes we identified were related to immunology, whereas there are a disproportionally large number of immune-related genes; there is the potential that we could have either inadvertently run an association on disease status or we have identified pleiotropic genes that play important roles in gait type and complex disease susceptibility.
Despite these challenges, this study highlights some suggestive candidate regions containing genes that may prove to play a role in modulation of this trait. Several of these regions include genes involved in developmental process, responses to stimuli, and biological regulation (Supplemental Fig. S4 ; see the online version of the article at http://journalofanimalscience. org). It may prove that gaited horses have greater capacity for motor neuron signaling, longer axon lengths, or different neuronal growth patterns.
Our ECA19 candidate region encompasses 2 different but functionally interesting genes. The FBXO40 gene is a member of the F-box protein family that are characterized as components of SCF (Skp1-Cullin1-Fbox protein) E3 ubiquitin ligase complexes, in which they bind substrates for ubiquitin-mediated proteolysis (Deshaies, 1999; Cardozo and Pagano, 2004; Lin and Diehl, 2004; Ye et al., 2007) . The gene is expressed in skeletal muscle and functions as a regulator involved in postnatal myogenesis (Ye et al., 2007) and regulating IGF-1 (Shi et al., 2011) . Muscles initiate and control movement through innervation by motor neurons, which originate in the spinal cord but receive projections from neurons originating from the brainstem and midbrain (Yuste et al., 2005) . Differences in the muscles of gaited horses could be altering the signaling pathways of the neurons involved in the CPG pathways.
The ARGFX (arginine-fifty homeobox) gene is a member of the homeobox genes that encode DNAbinding proteins, many of which are thought to be involved in early embryonic development. Interestingly, an open reading frame for ARGFX has been identified only in the human genome but not in mice, horses, cows, or guinea pigs and cannot be distinguished as either a true functional gene or a nonfunctional pseudogene (Li and Holland, 2010) . The gene likely originated by from a gene duplication of OTX1, OTX2, or CRX during early mammalian evolution (Li and Holland, 2010) . OTX1 is a member of the homeodomain-containing transcription factors and, in the mouse, is required for proper brain and sensory organ development (Booth and Holland, 2007) . OTX2 is also a member of the homeodomain-containing transcription factors and plays a role in brain, craniofacial, and sensory organ development (Booth and Holland, 2007) . CRX is a photoreceptor-specific transcription factor that plays a role in the differentiation of photoreceptor cells (Booth and Holland, 2007; Li and Holland, 2010) .
The SMTNL2 gene falls within our ECA11 candidate region and has been identified as a new substrate for mitogen-activated protein kinases (MAPK), which execute several critical cell processes, including cell division, differentiation, and stress response (Gordon et al., 2013) . SMTNL2 is expressed in several mammalian tissues but shows the highest expression in skeletal muscle and appears to be involved in myogenic differentiation (Gordon et al., 2013) . The rigidity and flexibility of the horse's body frame can influence which gait is performed (Ziegler, 2005) ; a genetic difference in muscle composition can predispose a horse toward a body frame that is easier to maintain and, therefore, a preferred gait type.
Despite their polymorphic gait phenotype, the TWH is nearly fixed for the DMRT3 stop mutation previously reported by Andersson et al. (2012) . In the DMRT3 mouse knockout, longer strides were observed as speed increased, but the mouse was unable to gallop (Andersson et al., 2012) . Anecdotally, this is a common feature observed in the TWH. Although speed was not measured in our gait analysis, the TWH can travel 16 to 32 km/h at an intermediate gait (Tennessee Walking Horse Breeders' and Exhibitors' Association, 2011) rather than using the canter, which has a typical speed of 16 to 27 km/h (Clayton, 1993 (Clayton, , 1994 . Harness racing horses reach speeds around 40 to 48 km/h (Barrey, 2013) at both the trot and pace, and yet these horses were also observed to have the DMRT3 mutation at high frequency (Andersson et al., 2012) . Even though previous studies have shown an association between the mutation and the ability to perform alternate gaits, the frequency of DMRT3 mutation was detected in a wide distribution of breeds, gaited and nongaited (Promerová et al., 2014) , indicating DMRT3 is more likely associated with speed and transitions from one gait pattern to the next. We hypothesize that the DMRT3 mutation is not permissive for "gaitedness" but plays an inhibitory role in switching from intermediate gaits into the canter. Because many of the gaited breeds are able to perform their alternate 4-beat gaits at higher speeds equivalent to a canter, it is likely that in selecting for lateral gaits, there was simultaneous selection against use of the canter. Additionally, the presence of this mutation in other, nongaited breeds indicates there must be another region controlling the ability to perform a 4-beat gait.
Indeed, selection sweeps across other breeds have identified additional loci beyond ECA23 (Petersen et al., 2013) . The TWH was included in Petersen's work and suggested selection signals on ECA8, ECA16, ECA19, ECA23, and ECA27 (Petersen et al., 2013) . Our analysis also included markers from ECA8 and ECA19, lending additional support to our identified candidate regions. However, it is important to note that the previous study used a different approach. In the Petersen study, only 17 horses were used in a comparison of the TWH breed with 32 other breeds. Therefore, given that the breed is nearly fixed for the ECA23 stop mutation marker, it is not surprising that the locus appeared in the selection sweep. Additionally, all 17 TWH used were assumed to have the same gait phenotype, although the gait of these animals was not observed and verified. Our study was a within-breed comparison and documented all phenotypes by video recording.
Tennessee Walking Horse Population Structure
Linkage disequilibrium length was shortest in the Saddlebred, TWH, and Arabian, with r 2 values dropping below 0.5 within the first 10 to 20 kb. Linkage disequilibrium was the longest in the Thoroughbred and Egyptian Arabians, which did not drop below 0.5 r 2 and reflects the breeds' high inbreeding, low diversity, and closure of the studbooks to outside genetic influence for several hundred years. The Saddlebred breed registry was closed in 1917 and contributed to the TWH breed registry, which itself was closed in 1947. The longer extent of LD in the TWH compared with the Saddlebred and Arabian may reflect a higher level of inbreeding or a smaller founding population in the TWH than the latter 2 breeds. Higher individual inbreeding levels are observed in the TWH compared with the Arabian and Saddlebred (F mean = 0.148, F mean = 0.060, and F mean = 0.103, respectively) by McCue et al. (2012) . This can be explained by frequent use of line breeding (Bourdon, 2000) , which has occurred in the TWH since its foundation (Womack, 1994) . Indeed, every horse registered today with the Tennessee Walking Horse Breeders' and Exhibitors' Association can trace back to 1 stallion born in 1940, Midnight Sun. The individuals in this study with the highest inbreeding values traced their ancestry back to Midnight Sun multiple times in the pedigree.
Typically, the modern TWH is classified into 3 major stallion lines descending from Midnight Sun. Two of the lines are grandsons from the same son of Midnight Sun, Pride of Midnight, who was bred to daughters of his half-brothers (Spirit of Midnight and Sun's Delight D). The third is a great-grandson who is blended with another popular sire during Midnight Sun's lifespan, Merry Go Boy. These lines are likely what have been detected in the comparison of the dimensions 1 and 3 in the MDS plots, based on the examination of the pedigree tree for the study horses.
Conclusions
Due to the complex nature of locomotion, with its continuous phenotype and multiple environmental factors, genetic mapping of gait genes is a difficult task. At a rudimentary level of phenotyping, we demonstrate with the current genotyping technology that there are detectable haplotype differences within the TWH breed. Future work will pursue genotyping a larger set of horses and/or markers to improve detection of multiple regions with small effects contributing to this gait phenotype. The identified markers can be applied for prediction of gait type, aiding breeders in their selection and breeding plans and improving the marketability of their horses. These tests could also decrease the amount of time and money spent on training; training schemes can be personalized to each individual horse's genetic potential and ineffective techniques can be avoided. Animal models have long played an important role in human disease research due to similarities in basic biology, physiology, and experimental convenience. By understanding the different gait types in the horse, new insights can be provided on motor coordination, as no other mammalian species is known to discretely segregate for lateral stride cadence and footfall pattern.
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